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in composition which comprises a radiation-sensitive 
acid-generator which generates an acid upon irradiation 
with a radiation and in which the chemical change due 
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Description 

BACKGROUND OF THE INVENTION 

5 This Inv ntion relates to a chemically amplified, radiation-sensitive resin composition, and more particularly, to a 

chemically amplified, radiation-sensitive resin composition suitable for micro engineering using a radiatbn such as 
ultraviolet ray, far ultraviolet ray. X ray or charged particle beam. 

In the field of micro engineering, a representative of which is fabrication of integrated circuit, the size of pattern to 
be formed in lithography is increasingly becoming finer in order to obtain an integrated circuit of higher paclcing density. 

10 In recent years, a lithographic technique has been energetically developed which can stably conduct the micro engi- 
neering of 0.5 pm or less. This requires a resist capable of forming a pattern of 0.5 ^m or less with high precision. For 
this purpose, a lithographic technique using a radiation having a shorter wavelength is under study. 

As the above-mentioned shorter wavelength radiation, there are used, for example, ultraviolet rays, a represent- 
ative of which is i line (wavelength: 365 nm); far ultraviolet rays, representatives of which are KrF excimer laser (wave- 

IS length: 248 nm). ArF excimer laser (wavelength: 193 nm); X rays, a representative of which is synchrotron radiation; 
charged particle beams, a representative of which is electron beam; and the like, and various resists adapted to these 
radiations have been proposed. In particular, attention has recently been paid to 'chemically amplified resists". 

In the case of this chemically amplified resist, a resist pattern is formed by generating an acid by irradiation with 
a radiation, causing a chemical change (for example, change of polarity, cleavage of chemical bond, cross-linking 

20 reaction or the like) by the catalytk: actk)n of this acid, and utilizing such a phenomeruxi that the solubility in a devebper 
is changed in the irradiated portions. 

Among such chemically amplified resists, as those which exhibit a relatively good resist performance, there have 
been proposed, for example, resists using an alkali-soluble resin whose alkali-philic group has been protected with a 
t-butyt or t-butoxycarbonyl group (see e.g. Japanese Patent Applk:atk>n Kokoku No. 2-27.660), resists using an alkali- 

2S soluble resin whose alkati-philk: group has been protected with a silyl group (see e.g. Japanese Patent Application 
Kokoku No. 3-44,290). resists using a resin containing a (meth)acrylk: acid rTK>iety (see e.g. Japanese Patent Appli- 
cation Kokai No. 4-39.665) and the like. 

These conventbnal chemk:ally amplified resists can substantially reproduce a resist pattern on a silkxxi substrate; 
however, in the case of a substrate having a high reflectance, a representative of whbh is an aluminum substrate, the 

30 radiation with which the resist has been irradiated is reflected at the surface of the substrate and goes round to the 
unirradiated portkms (this phenomenon is called 'halation") to cause photochemical reactnn there. In partbular, this 
phenomenon Is conspicuous in the step-structure portions. In the case of positive resists, the attenuatton of pattern 
whch is called "notching" or the like is caused in the step-structure portions, and in the case of negative resists, the 
thickening of pattem or the like is caused in the step-structure portions. Therefore, it is impossible to reproduce exactly 

3S the resist pattem, and as a result, such a problem rises that resolutksn, pattem shape, focus latitude and the like are 
deterk)rated. 

Referring to the accompanying drawings here, the halatkxi phenomenon in the case of a positive resist is explained. 
In Fig. 1. 1 refers to the coating film of a resist composltbn, 2 to the radiatk)n applied, 3 to the radiation reflected at 
the surface of a substrate, 4 to the slant in a step-structure portkxi of a sut>strate and 5 to a substrate. 

^ In this case, the radiatbn incbent on the coating film 1 of a resist composition reflects at the slant 4 of the substrate 

5 to go round to the right sbe in Fig. 1 , and cause photochembal reaction in that portion of the coating film of a resist 
composition. As a result, it follows that excessive photochembal reactbn is caused in the vicinity of the step-structure 
portbn. Accordingly, as shown in Fig. 2, the attenuatbn 7 of pattem whbh is called "notching" is caused in the vbinity 
of the step-structure portion of the resist pattem 6. 

45 The inventors of this inventbn have made extensive research to soh/e the above problems and have consequently 

found that they can be solved by incorporating a specific anthracene derivative into a conventional, chembalty amplified, 
radiation-sensitive resin composltbn. 

SUMMARY OF THE INVENTION 

SO 

An object of this invention is to provbe a novel, chemically amplified, radiatbn-sensitive resin composition. 

Another object of this invention is to provbe a chemically amplified, radiation-sensitive resin compositbn excellent 
in sensitivity, resolutbn, devebpability, pattem shape and the like. 

A further object of this invention is to provide a chemically amplified, radiatbn-sensitive resin compositkxi which 
ss not only can exactly reproduce a fine resist pattem even on a sut)strate having a partbularty high reflectance but also 
is excellent in storag stability and can retain a good sensitivity and a good pattern shape even after a laps of a long 
time from the preparatbn of the composition. 

A still further object of this invention is to provbe a chemically amplified, radiation-sensitiv resin compositbn 
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capable of effectively meeting various radiations such as ultraviolet rays, far ultraviolet rays, X rays and charged particle 
beams. 

A still another object of this invention is to provide a chemically amplified, radiation-sensitiv resin composition 
comprising a specific anthrac nederivativ . 
5 Other objects and advantages of this invention will becomes apparent from the following description. 

According to this invention, there is provided a chemically amplified, radiation-sensrtive resin composition which 
comprises a radiation-sensitive acid-generator which generates an acid upon irradiation with a radiation and in which 
composition the chemical reaction caused by the catalytic action of the acid generated upon the irradiation changes 
the solubility of the Irradiated portions in a developer to form a pattern, characterized by comprising at least one an- 
10 thracene derivative represented by the fomnula (1 ): 



IS 



20 



40 




(1) 



wherein to X^ are the same as or different from one another and each represents a hydrogen atom, a halogen atom, 
an alkyi group, an alkoxy group, an aryl group or a nitro group; and and are the same as or different from each 
other and each represents a hydrogen atom, a halogen atom, an alkyI group, an alkoxy group, an aryl group, a nitro 
^5 group, a -(CH2)n-0-R3 group in which is a hydrogen atom, an alkyI group or an aryl group and n is an integer of 0 
to 3, or a -(CH2)nCOO-R^ group in which Is a hydrogen atom, an alkyi group or an aryl group and n is an Integer of 

oto a 

The chemk:ally amplified, radiatk)n-sensitive resin composition of this invention can be very suitably used as a 
chemically amplified resist for producing a semi-conductor device, the pattem of whk:h is supposed to be made much 
30 finer in future. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a longitudinal section of a positive resist for explaining a halatkxi phenomenon in the resist. 
3S Fig. 2 Is a plan view of a resist for showing the thinning of pattem. 

In Figs. 1 and2, 1 refers to the coating film of a resist conipositkxi, 2 to a radlatk)n applied, 3 to a radiatky^ 
at the surface of a substrate, 4 to a slant. 5 to a substrate, 6 to a resist pattern and 7 to the attenuatkyi of the pattem. 



DETAILED DESCRIPTION OF THE INVENTION 
Anthracene derivative 



The chemically amplified, radiation-sensitive resin compositk>n of this invention is characterized by comprising at 
least one anthracene derivative represented by the above-mentioned formula (1 ). The anthracene derivative is ex- 
^ plained below. 

The anthracene derivative used in this invention is a compound which absort>s radiatkxis having a wavelength 
falling within the wavelength region of the radiat»ns to be applied to the resin compositk)n. and when the anthracene 
derivative is incorporated into the chemically amplified, radiation-sensitive resin compositkxi, it acts so as to tower the 
transmission of the radiatk>n in the resist film and simultaneously to attenuate the radiation which reflects at the surface 
^ of a substrate and diffuses to resist film portions in which photochemk^al reactkxi is not desired to be caused by the 
radiation. As a result, the phenomenon that the reflected radiatkxi goes round to resist film portbns in which photo- 
chemical reaction is not desired to be caused by the radiation can be effectively inhibited and the stable halatk)n- 
preventk)n can be achieved. 

In the above formula (1 ), X* to X^ may be the same as or different from one another, and each thereof represents 
^ a hydrogen atom, a habgen atom, an alky I group, an alkoxy group, an aryl group or a nitro group. The habgen atom 
includes, for example, fluorine atom, chlorin atom, bromine atom and the like. 

The alkyI group for X* to X^ includes, for example, methyl group, ethyl group, n-propyl group, isopropyl group, n- 
butyl group, isobutyl group, sec-butyl group, t-butyl group, n-pentyl group, n-hexyl group, n-octyl group, n-dodecyl 
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group and the like. 

The alkoxy group for to includes, for exampi , methoxy group, thoxy group, propoxy group, butoxy group 
and the like. 

Th aryl group for to includes, for example, ph nyl group, o-methylphenyl group, m-methylphenyl group, p- 
5 methylphenyl group, o-chlorophenyl group, nri-chbroph nyl group, p-chlorophenyl group, naphthyl group and th like. 

In the above formula (1). and may be the same as or different from each other and each represents a 
hydrogen atom, a halogen atom, an alkyi group, an alkoxy group, an aryl group, a nitro group, a -(CH2)nO-R^ group 
in which represents a hydrogen atom, an alky! group or an aryl group and n is an integer of O to 3, or a -(CH2)n- 
CCX>-R^ group In which R^ represents a hydrogen atom, an alkyI group or an aryl group and n is an integer of O to 3. 
10 The halogen atom, the alkyI group, the alkoxy group and the aryl group include, for example, those corresponding to 
the atoms and groups mentioned as to X^ to X^. The alkyt group and the aryl group for R^ and R^ include, for example, 
those corresponding to the groups mentioned as to X^ to X®. 

The anthracene derivatives represented by the formula (1) used in this invention are preferably compounds rep- 
resented by the folbwing formulas (2) and (3): 

IS 
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(3) 



4S Among the anthracene derivatives represented by the formulas (2) and (3), partcularty preferable are those in 

whk:h all X* to X^ are hydrogen atonrts. More preferable anthracene derivatives are anthracene-9-methano}, anthra- 
cene-9-carbaxyethyi, anthracene-9-carbaxy-n-butyl and the like. 

The above anthracene derivatives may be used akxie or in admixture of two or more. 



so Chemically amplified, radiation-sensitive resin composition 



The chemk:ally amplified, radiatkxi-sensitive resin compositk)n of this invention comprises a radiation-sensitive 
acid-generator (referred to hereinafter as merely the acid-generator) which generates an acid upon irradiatkm with a 
radiation (referred to hereinafter as the exposure) and the catalytic actk>n of the acid generated causes a chemteal 
65 reactkxi, whereby the solubility of the exposed portions of the resist in a developer is changed to thereby form a pattern. 
Representatives of such a chemically amplified, radiatbn-sensitive resin compositbn are the folbwing resist compo- 
sitions (A) to (C): 
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(A) Positive type chemically amplified, radiation-sensitive resin compositions [referred to her inafter as the resist 
composition (A)] comprising: 

(a) a resin which consists of an alkall-insolubl or -sparingly solubl r sinprot ctedwithanacld-decomposabi 
5 group and which becomes alkali-soluble when th acid-decomposable group is decomposed In the pres nee 

of an acid (said resin is referred to hereinafter as the add-decomposable group-containing resin), 

(b) an acid-generator and 

(c) an anthracene derivative represented by the above formula (1). 

10 (B) Positive type chemically amplified, radiation^nsitive resin compositions [referred to hereinafter as the resist 

composition (B)] comprising: 

(d) an alkali-soluble resin, 

(b) an acid-generator, 

IS (e) a compound (referred to hereinafter as the dissolution-controlling agent) whk:h has the properties of con- 

trolling the alkali-solubility of the alkali-soluble resin (d), said properties being reduced or bst when the com- 
pound is decomposed in the presence of an acid, or which has the actk>n of increasing the alkali-solubility of 
the alkali-soluble resin, arKi 

(c) an anthracene derivative represented by the above formula (1). 

20 

(C) Negative type chemically amplified, radiatbn-sensitive resin composltbn [referred to hereinafter as the resist 
compositk)n (C)] comprising: 

(d) an alkali-soluble resin, 
2S (b) an acid-generator, 

(f ) a compound which cross-links the alkali-soluble resin (d) in the presence of an ackJ (referred to hereinafter 
as the cross-linking agent), and 

(c) an anthracene derivative represented by the above formula (1). 

30 The constituents other than the anthracene derivative of the formula (1) of the abosfe resist composltkms (A) to 

(C) are successively explained in detail bek>w. 

Acki-decomt>osable group-containing resin 

3S The acid-decomposable group-containing resin used in the resist compositkxi (A) is a resin which is per se alkali- 

insoluble or alkali-sparingly soluble and whch is prepared by protecting the acidic functional group such as phenolk: 
hydroxy I group, carboxyl group or the like of an alkali-soluble resin, for example, as mentnned hereinafter with at least 
one substituent whk;h can decompose in the presence of an acid to make the protected resin alkali-soluble (the sub- 
stituent Is referred to hereinafter as the acid-decomposable group). The term 'alkali-Insoluble or alkali-sparingly soluble" 

40 used herein means the properties that when under the alkali-developing conditions adopted in the formatkxi a resist 
pattem from a resist film formed using the resist composition (A), a film formed using only the acid-decomposable 
group-containing resin is subjected to development treatment in place of the above resist film, the film remains in a 
proportbn of 50% or more of the initial film thickness after the devek>pment treatment. 

Said ackl-decomposable group includes, for example, substituted methyl groups, 1 -substituted ethyl groups, 

4S 1 -branched alkyi groups, sllyl groups, germyl groups, alkoxycarbonyt groups, acyl groups, cyclic ackJ-decomposable 
groups and the like. 

The above sut)stituted methyl groups Include, for example, methoxymethyl group, methylthkynethyl group, 
ethoxymethyl group, ethylthk)methyl group, methoxyethoxymethyl group, t-butoxycarbonylmethyl group, benzyloxyme- 
thyl group, benzylthbmethyl group, phenacyl group, bromophenacyl group, methoxyphenacyl group, methylthbphen- 
so acyl group, cyctopropylmethyl group, benzyl group, diphenylmethyl group, triphenylmethyl group, bromobenzyl group, 
nitrobenzyi group, methoxybenzyl group, methylthiobenzyl group, ethoxybenzyl group, ethylthiobenzyl group, piperonyl 
group and the like. 

The above 1 -substituted ethyl groups include, for example. 1-methoxyethyl group. 1-methylthioethyl group, 
1,1 -dimethoxyethyl group, 1-ethoxyethyl group. 1-ethylthioethyl group, 1 . 1 -diethoxyethyl group, 1-phenoxyethyl group, 
ss 1 -phenylthbethyl group, 1 , 1 -diphenoxyethyl group, 1 -benzyloxy ethyl group, 1 -benzylthkwthyl group, 1 -cyck>propyethyl 
group, 1-phenytethyl group, 1,1-diphenylethyl group, a-methylphenacyl group and the like. 

The above 1 -branched alkyI groups Include, for example, isopropyl group, sec-butyl group, t-butyl group, 
1 , 1 -dimethylpropy I group, 1 -methy Ibuty 1 group, 1 , 1 -dimethylbutyl group and th like. 
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The above silyl groups include, for example, trimethylsityl group, ethyldimethylsilyl group, methyldiethylsilyl group, 
triethylsilyl group, isopropyldimethylsilyl group, methyldiisopropylsityl group, triisopropylsilyl group, t-butyldim thylsityl 
group, methyldi-t-butylsilyl group, tri-t-butylsilyl group, phenytdimethylsityl group, methyldiphenylsilyl group, triphenyls- 
ilyl group and th like. 

The abov g rmyl groups include, for exampi , trimethylgermyl group, ethyldimethylg rmyl group, m thyldiethyl- 
germyl group, triethylgermyl group, isopropyldimethylgermyl group, methyldiisopropylgenmyl group, triisopropylgermyl 
group, t-butytdimethylgenmyl group, methyldht-butylgermyl group, tri-t-butylgermyl group, phenyldimethylgermyl group, 
methyldlphenylgermyl group, triphenylgermyl group and the like. 

The above alkoxycarbonyl groups include, for example, methoxycarbonyl group, ethoxycarbonyl group, isopro- 
poxycarbonyl group, t-butoxycarbonyl group, t-pentyloxycarbonyl group and the like. 

The above acyl groups include, for example, acetyl group, propionyl group, butyryl group, heptanoyi group, hex- 
anoyi group, vaieryl group, pivabyl group, isovaleryl group, lauroyi group, myristoyl group, palmitoyi group, stearoyi 
group, oxalyl group, malonyl group, succtnyl group, glutaryl group, adipoyi group, piperoyi group, suberoyi group, aze- 
laoyl group, sebacoyi group, acrybyl group, propiobyl group, methacryloyi group, crotonoyi group, oleoyi group, male- 
oyl group, fumaroyt group, mesaconoyi group, camphoroyl group, benzoyl group, phthaloyi group, isophthaloyi group, 
terephthak>yl group, naphthoyi group, toluoyi group, hydroatropoyi group, atropoyl group, cinnamoyi group, furoyi 
group, thenoyi group, nkx}tinoyl group, isonkx>tinoyl group, p-toluenesulfonyl group, mesyl group and the like. 

The above cyclk; ackl decomposable groups include, for example, cyclopropyt group, cyclopentyl group, cyck)hexyl 
group, cycbhexenyl group, oxocyclohexenyl group. 4-methoxycyck>hexyl group, tetrahydropyranyl group, tetrahydro- 
turanyl group, tetrahydrothk>pyranyl group, tetrahydrothiofuranyl group, 3-bromotetrahydropyranyl group, 4-methox- 
ytetrahydropyranyl group, 4-methoxytetrahydrothiopyranyl group, 3-tetrahydrothiophene-1,1-dk>xkje group, 2-1,3-di- 
oxolanyl group, 2-1,3<lithloxolanyl group, benza-2-1,3-dioxolanyl group, benzo-2-1 ,3^ithk>xolanyl group and the like. 

Among these acid-decomposable groups, preferable are t-butyl group-containing substituents such as t-butyl 
group, t-butoxycarbonyimethyi group, t-butoxycarbonyl group and the like; 1 substituted ethyl groups such as 1-meth- 
oxyethyl group, 1-ethoxyethyl group and the like; etc. 

The proportion of the acki-decomposable group introduced into the acb-decomposable group-containing resin 
(the ratio of the number of the acid-decomposable groups to the total number of the acidb functbnal groups and the 
acid-decomposable groups in the ackl-decomposable group-containing resin) is preferably 1 5 to 1 00%, more preferably 
1 5 to 80% and most preferably 15 to 60%. 

The polystyrene-reduced weight average molecular weight (referred to hereinafter as Mw) of the acid-decompos- 
able group-containing resin as measured by a gel permeatkxi chromatography is preferably 1,000 to 150,000, more 
preferably 3,000 to 100,000. 

The acid-decomposable group-containing resin can be produced by, for example, substituting at least one ackJ- 
decomposable group for the hydrogen atoms of at least one acklic functional group in the alkali-soluble resin, or by 
(co)polymerizing at least one monomer having at least one acM-decomposable group or can also be produced by (co) 
polycondensation of at least one potycondensing component having at least one acb-decomposable group. 

In the resist composition (A), the acki-decomposabte group-containing resin can be used alone or in admixture of 
two or more. When a mixture of at least two ackj<Jecomposable group-containing resins is used, a combination of a 
resin having a t-butyl group-containing substituent as the acid-decomposable group with a resin having a 1 -substituted 
ethyl group as the acki-decomposable group is prefenBd. 

The ackJ-decomposable group-containing resin used in the resist composition (A) is a resin whbh has the properties 
of controlling the alkali-solubility of the alkali-soluble resin, the said properties being reduced or k>st when the resin is 
decomposed in the presence of an acid, or whbh has the action of increasing the alkali-solubility of the alkali-soluble 
resin, and hence, the resin fails within the category of the dissolutbn-controlling agent in the resist compositkxi (B). 

Alkali-soluble resin 

The alkali-soluble resin used in the resist composrtbn (B) and the resist composition (C) may be any resin whbh 
has at least one acidk: functkxial group exhibiting an affinity for the alkali deveksper, for example, phenolk: hydroxyl 
group, cart>oxyl group or the like and is soluble in the alkali developer and is not critbal. 

Sard alkali-soluble resin includes, for example, a vinylic resin having a repeating unit resulting from cleavage of 
the polymerizable double bond of at least one monomer having an acidic functional group such as hydroxystyrene, 
hydroxy-a-methylstyrene, vinylbenzoic acid, cartx}xymethylstyrene, cartx>xymethoxystyrene, (meth)acrylk: acid, crot- 
onlc acid, maleb acid, fumaric acid, itaconb acid, citraconc acid, mesaconic ackJ. cinnamic acid or the like; a conden- 
sation type resin having a condensation type repeating unit having an ackJic functional group, a representative of which 
Is a novolak resin; and the like. 

When the alkali-solubl resin is the above-mentioned vinylic resin, the resin may be composed only of the repeating 
unit resulting from cleavage of the polymerizable double bond of the above-mentk)ned ackik: functional group-contain- 
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ing monomer; however, the resin may further comprise at least one other repeating unit as far as the resulting resin is 
solubl in an alkali develop r. 

Such a repeating unit includes, for example, repeating units resulting from cleavage of the polymerizable double 
bond of a polymerizable double bond-containing monomer such as styr n , a-m thylstyrene, vinyltoluene, mal ic 
s anhydrid ,(m th)acrylonitril , crotonitrile, mal initrile, tumaronitrile, mesaconitril , citraconitril , itaconitrile, (meth)acr- 
ylamide, crotonamide, maleinamide. fumaramide, mesaconamide, crtraconamide, itaconamide, vinylaniline, vinylpyri- 
dine, vinyl-£-caprolactam, vinylpyrrolidone, vinylimidazole and the like. 

The alkali-soluble resin composed of the above-menttoned vinylic resin can be produced, for example, by (co) 
polymerizing at least one monomer having an acidic functional group, if necessary, together with at least one other 
10 monomer, or produced by (co)polymerizing at least one monomer having a protected acidic functional group, if nec- 
essary, together with at least one other monomer and then converting the protected group of the resulting (co)polymer 
to the original acidk: functional group. 

These (co)polymerizations can be conducted by a suitable polymerizatkxi method such as a bulk polymerlzatkxi 
method, a solution polymerizatbn method, a precipitation polymerization method, an emulsion polymerizatbn method, 
IS a suspension polymerization method, a bulk-suspension polymerization method or the like using a polymerizatbn 
initiator or catalyst appropriately selected depending upon the kinds of the monomer and the reaction medium such 
as a radical polymerizatbn initiator, an anbnb polymerizatbn catalyst, a coordinatbn anionic polymerizatbn catalyst, 
a catbnb polymerization catalyst or the like. 

When the alkali-soluble resin is the above-mentbned condensatbn type resin, this resin may be composed only 
20 of a condensation type repeating unit having an acbic functional group; however, it may further comprise another 
repeating unit as far as the resulting resin is soluble in an alkali developer. 

Said condensatbn type resin can be produced, for example, by (co)polycondensing at least one phenol and at 
least one akJehyde together with, if necessary, other potycondensing components capable of forming a condensation 
type repeating unit in the presence of an acidic catalyst in water medium or a mixed medium of water and a hydrophilic 
2S solvent. 

The above-mentioned phenol includes, for example, o-cresol, m-cresol, p-cresol, 2,3-xyIenol, 2,4-xylenol, 2.5-xy- 
lenol, 3,4-xylenol, 3,5-xylenol. 2,3.5-trimethylphenol. 3.4.5-trimethylphenol and the like. The above-mentbned alde- 
hyde includes, for example, fomnabehyde, trbxane. paraf onmabehyde, benzabehyde, acetabehyde, propylaldehyde, 
phenylacetabehyde, glyoxal, glutaraldehyde, terephthalaldehyde, isophthalaldehyde and the like. 

30 The content of the repeating unit having an acidb functbnal group In the alkali-soluble resin cannot t>e unqueiy 

determined because it may be varied depending upon the kind of the other repeating units optbnally contained; how- 
ever, the content is preferably 15 to 100 mole %, nrK>re preferably 20 to 100 mole %. 

The Mw of the alkali-soluble resin may be varied dependbg upon the desired charactertstbs of the resist compo- 
sition (B) or the resist compositbn (C); however, it is preferably 1.000 to 150,000, nriore preferably 3,000 to 100,000. 

35 When the alkali-soluble resin has a repeating unit contacting a carbon-cartxxi unsaturatk)n, it may be used in the 

form of a hydrogenatbn product. The hydrogenation degree is preferably measured by the^H-NMR method. In this 
case, the hydrogenatbn degree is preferably 70% or less, more preferably 50% or less and most preferably 40% or 
less, of the carbon-cartxxi unsaturatbn contained in the repeating unit. When the hydrogenatbn degree Is wore than 
70%, the solubility of the alkali-soluble resin in an alkali devebper tends to be bwered. 

40 In the resist composition (B) and the resist composition (C), the alkali-soluble resins may be used abne or in 
admixture of two or more. 

Acb-qenerator 

45 The acb-generator used in each of the resin composition (A), the resist compositbn (B) and the resist compositbn 

(C) includes, for example, (i) onium salt compounds, (ii) halogen-containing compounds, (ill) sulfone compounds, (iv) 
sulfonb acb ester compourxis, (v) quinonediazide compounds, etc. 

Specific examples of these acid^nerators include those mentioned bebw. 

so (i) Onium salt compounds 

The onium salt compounds include, for example, iodonium salts, sulfonium salts, phosphonium salts, diazonium 
salts, pyridinium salts and the like. 

Preferable onium salt compounds Include diphenylbdonium trifluoromethanesulfonate, diphenyliodonium 
ss pyrenesulfonate, diphenylbdonium dodecylbenzenesulfonate, triphenylsulfonium triflate, triphenylsulfonium hexafluor- 
oantimonate, triphenylsulfonium naphthalenesulfonate, (hydroxyphenyl)benzylmethylsulfonium toluenesulfonate and 
the like. 



7 



EP0726 500A1 



(ii) Habgen-containing compounds 

The halogen-containing compounds includ haloalkyl group-containing hydrocarbon compounds, haloallcyl group- 
containing h terocycllc compounds and the lik . 
s Preferable halogen-containing compounds include (trichloromethyl)-s-triazine derivatives such as phenyl-bis 

(trichloromethyl)-s-triazine, methoxyphenyl-bis(trichloromethyl)-s-triazlne, naphthyl-bis(trichbromethyl)-s-triazine and 
the like; 1,1-bis(4-chlorophenyl)-2,2,2-trichbroethane; and the like. 

(iii) Sulfone compounds 

10 

The sulfone compounds include, for example, p-ketosulfone, p-sutfonylsulfone, a-diazo compounds thereof and 
the like. 

Preferable sulfone compounds include phenacylphenytsulfone, mesytilphenacylsulfone, bis(phenylsutfonyl)meth- 
ane, bis(phenylsulfonyl)diazomethane, bis(cyclohexylsulfonyl)diazomethane, 4-trisphenacylsulfone and the like. 

IS 

(iv) Sulfonb ack) ester compounds 

The sutfonk: ackJ ester compounds include, for example, alkylsulfonb ackl esters, hak>alkylsulfonk: acki esters, 
arylsulfonb acid esters, iminosulfonates, imkk>sulfonates and the like. 
20 Preferable sutfonk: acki ester compounds include benzoin tosylate, tristriflate of pyrogallol, nitrobenzyt-9.10<li- 
ethoxyanthracene-2-suffonate, N-(trifluoromethylsulfonytoxy)maleimkJe, N-(trrftuoromethylsulfonyk>xy)phthalimide, N- 
(trrfluoromethylsulfonyk>xy)-bicyck)[2.2.1]hept-5'ene-2,3<lbaiboxyimide, N-(trifluoromethylsulfonyloxy)naphthyiim- 
kJe, N-(camphanylsulfonybxy)naphthylimkle arxJ the like. 

2S (v) Quinonediazide compounds 

The quinonediazide compounds include, for example, 1 .2-quinonediazidosulfonic ackJ ester compounds, dia- 
zobenzoquinone compounds, diazonaphthoquinone compounds and the like of potyhydroxyl compounds. 

Examples of the quinonediazkle compounds include compounds having a 1,2-quinonediazidosutfonyl group such 
30 as 1 ,2-benzoquinonedlazkJo-4-sutfonyl group, 1 ,2-naphthoquinonediazkfc>4-sulfonyt group, 1 ,2-naphthoquinonediazi- 
do-5-sulfonyl group, 1 ,2-naphthoqhlnonediazkk>-6-sutfonyi group or the like, and partbularly preferable are compounds 
having a 1 ,2-naphthoquinonediazido-4'Sulfonyl group and/or a 1,2-naphthoquinonediazido-5-sulfonyl group. 

Specific examples of such quinonediazkie compounds include 1 ,2-quinonediazkiosutfonb ackJ esters of (poly) 
hydroxyphenyl aryt ketones such as 2,3,4-trihydroxyt>enzophenone, 2,3A4'>tetrahydroxybenzophenone and the like; 
3S 1 ,2-quinonediazidosulfonk: acid esters of bis-{(poly)hydroxyphenyl]alkanes such as bis(4-hydroxypheny))methane, bis 
(2,4-dihydroxyphenyl)methane, 2,2-bis(4-hydroxyphenyl)propane and the like; 1 ,2-quinonediazkfc>sulfonic acid esters 
of (poly)hydroxytriphenylalkanes such as 4,4',4''-trihydroxytriphenytmethane, 1,1,1-tris(4-hydroxyphenyl)ethane, 
1 ,1 -bis(4-hydroxyphenyl)-1 -[4-{1 -(4-hydroxyphenyl)-1-methylethyl)phenyl]ethane and the like; 1 ,2-quinonediazidosul- 
fonic acid esters of (poly)hydroxyphenyfflavans such as 2,4,4-trimethyl-2*,4',7-trihydroxy-2-phenylflavan, 2,4,4-trime- 
40 thyl-2*,4\5',6,7-pentahydroxy-2-phenyfflavan and the like; etc. 

Among these quinonediazide compounds, preferable are 1,2-naphthoquinonediazkio-4-sulfonk: acid ester of 
1 ,1-bis(4-hydroxyphenyl)-1 -{4-(1-hydroxyphenyl)-1-methylethyl)phenyl]ethane and the like. 

In the resist compositk>n (A), the resist compositkxi (B) and the resist composition (C), the acid-generators can 
be used abne or in admixture of two or more. 

45 

Dissolution-controlling agent 

The dissolutkyi-controlling agent used in the resist compositkxi (B) is a compound which has the properties of 
controlling the alkali-solubility of the above-mentkxied alkali-soluble resin, sab properties being reduced or bst when 

so the compound is decomposed, for example, hydrolyzed in the presence of an add, or which has the action of increasing 
the alkali-solubility of the alkali-soluble resin. 

Said dissolution-controlling agent includes, for example, compounds having at least one substituent whbh can be 
decomposed into an acbic functbnal group such as phenolic hydroxyl group, carboxyl group or the like in the presence 
of an acid (the substituent is refen'ed to hereinafter as the acid-decomposable substituent). 

ss The acid-decomposable substituent includes, for example, the same groups as the substituted methyl groups, 

1 -substituted ethyl groups, 1 -branched alkyi groups, silyl groups, germyl groups, alkoxycarbonyl groups, acyl groups, 
cyclb acid-decomposable groups and the like mentioned above as examples of the acb-decomposable group as to 
the above acb-decomposable group-containing resins. 
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The dissolution-controlling agent may be of a bw molecular weight or a high molecular weight, and preferable 
dissolution-controlling ag nts ar compounds fomn d by introducing th abov acid-decomposabi substituent into a 
polyhydric phenolic compound such as blsphenol A, bisphenol R bisphenol S or the like; and compounds formed by 
introducing the abov acid-decomposable substitu nt Into a carboxyllc acid compound such as hydroxyphenylac tic 

acid or th like. 

Preferable specific examples of the bw molecular weight dissolution-controlling agent are compounds represented 
by the folbwing formulas (4) and (5): 





o 

As the high molecular weight dissolutbn-controlling agent, there can be used, for example, the above-mentbned 
acid-decomposable group-containing resins. 

In the resist compositbn (B). as the dissolutbn-controlling agent, the low molecular weight compounds and the 
high molecular weight compounds can be used respectively alone or in admixture of two or more, or a combinatbn of 
the bw molecular weight compound and the high molecular weight compound can also be used. 

Cross-linking agent 

The cross-linking agent used in the resist composition (C) is, for example, a compound which cross-links the alkali- 
soluble resin in the presence of the acid generated upon the exposure. 

Said cross-linking agent includes, for example, compounds having at least one substituent having a cross-linking 
reactivity with the above-mentioned alkali-soluble resin (the substituent is referred to hereinafter as the cross-linking 
substituent). 

Th cross-linking substituent includes, for example, groups represented by the folbwing formulas. 
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wherein m is 1 or 2; X is, when m = 1 , a single linkage. -0-, -S-. -COO- or -NH- and when m = 2, a trrvalent nitrogen 
atom; Y is -O- or -S-; i is an integer of O to 3; j is an integer of 1 to 3; and i j = 1 to 4. 

-(-C(R^)(R^)-),-Z-R^ 

wherein k is an integer of 1 or more; and R^ are the same as or different from each other and each represents a 
hydrogen atom or an alkyi group having 1 to 4 cartxxi atoms; Z is -0-, -COO- or -CO-; R^ represents an alky! group 
having 1 to 5 carbon atoms, an aryl group having 6 to 1 2 cartx>n atoms or an aralkyi group having 7 to 14 carbon atoms. 

-C(R^=C(R^)(r'°) 

wherein R^, R^ and R^^ are the same as or different from one another and each represents a hydrogen atom or an 
alky! group having 1 to 4 cartxm atoms. 

-(-(C(r")(r'^)-)^-N(r'^)(r'*) 

wherein k is an integer of 1 or more; R^^ and R^^ the same as or different from each other and each represents a 
hydrogen atom or an alky! group having 1 to 4 carbon atoms; R^^ and R^^ are the same as or different from each other 
and each represents an alkylol group having 1 to 5 carbon atoms. 




wherein k is an integer of 1 or more; R^^ and R^^ are the same as or different from each other and each represents a 
hydrogen atom or an alky! group having 1 to 4 carbon atoms; Rt7 represents a divalent organic group forming a 3^8 
membered ring and containing a hetero atom selected from the group consisting of oxygen atom, sulfur atom and 
nitrogen atom. 

Specific examples of the above cross-lkiking substituent include glycktyl ether group, giyckJyl ester group, glyci- 
dylamino group, methoxymethyl group, ethoxymethyl group, benzybxymethyi group, dimethylamlnomethyt group, di- 
ethylaminomethyl group, dimethyiolaininomethyl group, diethylolaminomethyl group, bis(methoxymethyl)-amino 
group, morpholinomethy I group, acetc»eymethy I group, benzoybxymethyl group, formyt group, acetyl group, vinyl group, 
isopropenyl group and the like. 

The compounds having the atx>ve-mentioned substituent include, for example, bisphenof A type epoxy com- 
pounds, bisphenol F type epoxy compounds, bisphenol S type epoxy compounds, novolak resin type epoxy com- 
pounds, resol resin type epoxy compounds, poly(hydroxystyrene) type epoxy compounds, methytol group-containing 
melamine compounds, methybl group-containing benzoguanamine compounds, methybl group-containing urea com- 
pounds, methybl group-containing glycoluril compounds, methybl group-containing phenol compounds, alkoxyalkyi 
group-containing melamine compounds, alkoxyalkyi group-containing benzoguanamine compounds, alkoxyall^l 
group-containing urea compounds, alkoxyalkyi group-containing glycoluril compounds, alkoxyalkyi group-containing 
phenol compounds, carboxymethyl group-containing melamine compourKJs, cartx)xymethyl group-containing benzo- 
guanamine compounds, carfcxsxymethyl group-containing urea compounds, carboxymethyl group-containing glycoluril 
compounds, carboxymethyl group-containing phenol compounds and the like. 

Among the compounds having the above-mentioned cross-linking substituent, preferable are methybl group-con- 
taining phenol compounds, methoxymethyl group-containing melamine compounds, methoxymethyl group-containing 
urea compounds, methoxymethyl group-containing glycoluril compounds, methoxymethyl group-containing phenol 
compounds, acetoxymethyl group-containing phenol compounds and the like. 

Among the compounds having the above cross-linking substituent. commercially available methoxymethyl group- 
containing melamine compounds are CYMEL300, CYMEL-301, CYMEL303. CYMEL305 (trade names of Mitusi Cy- 
anamb) and the like; commercially available methoxymethyl group-containing glycoluril compounds are CYMEL1174 
(a trade name of Mitsui CyanamkJ) and the like; and commercial available methoxymethyl group-containing urea com- 
pounds are MX-290 (a trade nam of Sanwa Ch mical) and the like. Specifically, th compounds represented by th 
following formulas (6), (7) and (8) can be mentioned: 
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CHaOCHjv .CH2OCH3 




(6) 



N 

/ \ 

CH3OCH2 CH2OCH3 



H3COH2CV ^CH20CH3 




(7) 



H3COH2C'^ 



H3COH2C ^ O CH2OCH3 

^N-C-N<^ (8) 
H3COH2C ^ CH2OCH3 



Moreover, as the cross-linking agent there can be suitably used a resin derived from the above-mentioned alkali- 
soluble resin to which the properties as a cross-linking agent have been imparted by introducing the above-mentkxied 
cross-linking substituent into the acidk: functional group of the alkali-soluble resin. In this case, the proportkxi of the 
cross-linking substituent introduced is preferably 5 to 60 mole %, more preferably 10 to 50 nrx^le % and nrx>st preferably 

40 1 5 to 40 mole %, based on the total mole of the acidic f unctk)nal groups in the alkali-soluble resin. When the proportion 
IS less than 5 mole %, it becomes difficult to sufficiently cause the cross-linking reaction and there is a tendency that 
the yiekJ of residual film thckness Is reduced, a cun/ed resist pattern formed suid swelling is caused. When the 
proportion is more than 60 n>ole %. the alkali-solubility of the alkali-soluble resin tends to be deterkirated and the 
developability tends to be deteriorated. 

45 In the resist composition (C), the cross-lhking agents can be used alone or In admixture of two or more. 

Additive 

The resist compositbn (A), the resist composition (B) and the resist compositbn (C) may if necessaiy, have added 
so thereto varkjus additives such as acki-diffuskxi-controlling agent, surfactant, sensitizing agent and the like. 

The above acid-diffuskxi-controlling agent is a component to be added to the resin compositkxi for the purpose 
of controlling the diffusion in the resist film of the ackl generated from the acid-generator upon the exposure and 
controlling the undesired chemical reactk>n in the unexposed area By use of such an acki-diff uskxi-controlling agent, 
the shape of pattern formed can be improved, the formatkxi of visor particularly in the upper layer can be Inhibited and 
^ the dimenskxi fidelity to the mask dimension can be improved. 

As th acid-diffuskxt-controiling agent, there can be suitably used, for example, nitrogen compounds which can 
keep its bask:ity aft r the exposure or even after heating. 

Specific examples of such nitrogen compounds include ammonia, trimethylamin , triethylamine, tripropylamine. 
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tributylamine, tripentylamine, trihexylamin , triheptylamine, trioctylamine, aniline, N-methylaniline, N,N-dimethyl- 
aniline, 2-methylaniline, 3-nnethylaniline, 4-methylanilinG, 4-nitroaniline, 1-naphthylamin , 2-naphthytannine, diph • 
nylannine, ethylenediamine, tetramethylenediamine, hexamethylenediamine, pyrrolidone, piperkJine. imidazole, 
4-m thyllmidazol , 4-mGthyi-2>phenyllmidazole, benzimidazole, thiabendazole, pyridine, 2-methylpyridin , 4-ethylpy- 
ridine, 2-phenylpyridine, 4-ph nylpyridine, 1-methyl-4-pheny {pyridine, 2-(1 -ethylpropyl)pyridine, 2-b nzylpyridin , 
nicx>tinamide, dibenzoylthiamine, tetrabutyric acid libofuravine. 4,4'-dlanninodiphenylmethane, 4,4'<liaminodiphenyl 
ether, 4,4'-diaminobenzophenone, 4,4'-djaminodiphenylamine, 2,2-bis(4-aminophenyl)-propane, 2-(3-aminophenyl)- 
2-(4-amtnophenyl)propane, 2-(4-aminophenyl)-2-(3-hydroxyphenyl)propane, 2-(4-aminophenyl)-2-(4-hydroxyphenyl) 
propane, 1,4'bls[1-(4-aminophenyl)-lH[nethylethyl]benzene, 1.3-bis[1-(4-aminophenyl)-1-methylethyl]benzene and 
the like. 

Among these acid-diffusion-controiling agents, particularly preferable are tributylamine, tripentylamine, trihexy- 
lamlne, triheptylamine, trioctylamine, benzimidazole, 4-phenylpyridine, 4,4'-diaminodiphenyl ether, nicotinamide and 
the like. 

The above acKl-diffusion-controlling agents can be used alone or In admixture of two or more. 

The amount of the ackl-drffusbn-controlling agent added may be varied depending upon the kind thereof, combi- 
nation with the acid-generator and the like; however, the amount is preferably 1 0 parts by weight or less, more preferably 
5 parts by weight or less, per 100 parts by weight of the total resin components in the resin composition. When the 
amount of the acid-diffusion-controlling agent exceeds 10 parts by weight, the sensitivity and the developability of the 
exposed portkm tend to be lowered. 

The above-mentkxied surfactant exhibits the actkxi of improving the coatability and striatkxi of each resist com- 
position and the developability as a resist, and the like. 

As the above surfactants, there can be mentkxied, for example, polyoxyethylene lauryl ether, polyoxyethylene 
stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene octylphenyi ether, polyoxyethylene nonylphenyl ether, pol- 
yethylene glycol dilaurate, polyethylene glycol disearate and commercial products having the following trade names: 
KP341 (a trade name of Shin-Etsu Chemical Co., Ltd.), Polyflow No. 75 and No. 95 (trade names of Kyoeisha Yushik- 
agaku Kogyo K. K.), F Top EF301 , EF303 and EF352 (trade names of Tohchem Products), Megafac F171 , F172 and 
F173 (trade names of DAINIPPON INK & CHEMICALS, INC.), Fluorad FC430 and FC431 (trade names of Sumitomo 
3M Limited), Asahi Guard AG710 and Surflon S-382, SC-101. SC-102. SC-103, SC-104. SC-105 and SC-106 (trade 
names of Asahi Glass Co., Ltd.) and the like. 

These surfactants can be used akxie or in admixture of two or more. 

The anrK>unt of the surfactant added is preferably 2 parts by weight or less per 1 00 parts by weight of the total resin 
components of each resist compositk)n. 

The above-mentioned sensitizing agent is a compound which exhibits the action of absorbing the energy of a 
radiation and transferring the energy to the acki-generator to thereby increase the amount of the acid produced, and 
has the effect of enhancing the apparent sensitivity of the resist formed from each resist composition. 

Preferable sensitizing agents are ketones, benzenes, acetophenones, benzophenones, naphthalenes, biacetyl. 
eosine, rose bengal, pyrenes, phenothiazines and the like. 

These sensitizing agents can be used akxne or in admixture of two or more. 

The amount of the sensitizing agent added is preferably 50 parts by weight or less, more preferably 30 parts by 
weight or less, per 100 parts by weight of the total resin components of each resist composition. 

By Incorporating a dye or pigment, it is possible to visualize the latent image in the exposed portkxi and mitigate 
the influence of halation at the time of the exposure. Moreover, by Incorporating an adhesive adjuvant, the adhesiveness 
to a substrate can be improved. 

In addition, as other additives, there can be mentioned halatkxi-preventing agents such as azo compounds, amine 
compounds and the like; shape-improving agents; storage-stabilizing agents, defoaming agents and the like. 

Fonmulatfon of chemicallv amplified, radiation-sensitive resin compositkxi 

The formulation of each of the resist compositbn (A), the resist composition (B) and the resist composition (C) is 
illustrated bek>w. 

In the resist compositbn (A), per 1 00 parts by weight of the acki-decomposable group-containing resin, the amount 
of the acid-generator is preferably 0.05 to 20 parts by weight, more preferably 0.1 to 15 parts by weight and most 
preferably 0.2 to 1 0 parts by weight; the annount of the anthracene derivative represented by the formula (1 ) is preferably 
0.05 to 20 parts by weight, more preferably 0.1 to 10 parts by weight and nrK>st preferably 0.2 to 5 parts by weight. 

In the resist composition (A), when the amount of the acd-generator is less than 0.05 part by weight, there is a 
fear that it may become difficult to effectively cause the chemk^al change by the catalytic action of th acid generated 
upon the exposure. On the other hand, when the amount of the acid-generator exceeds 20 parts by weight, there is a 
fear that unevenness of coating may be caused when the resist composition (A) is applied to a substrate and scum or 
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the like may be generated at the time of dev lopment. Also, when the amount of the anthracene derivative of the 
formula (1 ) Is less than 0.05 part by weight, it is impossible for the anthracene derivative to absorb sutfici ntly th 
radiation reflected at the surface of the substrate and there is a fear that it may becom difficult for the anthracene 
d rivative to suffici ntly exhib'1 its halation-preventing ffect which is the main ffect of this Invention. On th other 

5 hand, wh n the amount of th anthrac n d rivativ added xceeds 20 parts by weight, the ability of th r sist com- 
position (A) to absorb a radiation becomes too large, and hence, the amount of the radiation reaching the vicinity of 
the substrate is diminished. As a result, the resolution and the like tend to be deteriorated, incidentally it is possible 
to add the above-mentioned tow molecular weight dissolutk^n-controlling agent to the resist composition (A) in a pro- 
portion of preferably 50 parts by weight or less per 1 00 parts by weight of the acid<lecomposable group-containing resin. 

10 In the resist composrtkxi (B), per 100 parts by weight of the alkali-soluble resin, the amount of the acid-generator 

contained is preferably 0.05 to 20 parts by weight, more preferably 0.1 to 15 parts by weight and most preferably 0.5 
to 10 parts by weight; the amount of the dissolution-controlling agent contained is preferably 5 to 150 parts by weight, 
more preferably 5 to 100 parts by weight and most preferably 5 to 50 parts by weight; and furthernrwre, the anrxjunt of 
the anthracene derivative of the formula (1 ) contained is 0.05 to 20 parts by weight, more preferably 0.1 to 10 parts by 

IS weight and most preferably 0.2 to 5 parts by weight. 

In the resist composition (B), when the arTX>unt of the ackJ-generator contained is less than 0.05 part by weight, 
there is a fear that it may become difficult to effectively cause the chemcal change by the catalytk: actkxi of the acki 
generated upon the exposure, while when the arrx^unt exceeds 20 parts by weight, there is a fear that the unevenness 
of coating may be caused and scum or the like may be generated at the time of development Also, when the amount 

20 of the dissolutkxi-controlling agent added is less than 5 parts by weight, there is a fear that the desired effect based 
on the dissolutbn-controlling agent may not be sufficiently exhibited, while when the anrx>unt exceeds 150 parts by 
weight, the film-formability of the resist compositkxi (B) arKi the film strength or the like tend to be deteriorated. More- 
over, the amount of the anthracene derivative of the formula (1 ) contained is less tfian 0.05 part by weight, it is impossible 
for the anthracene derivative to sufficiently absorb the radiation reflected at the surface of the substrate and hence 

2S there is a fear that the halation-preventing effect whk:h is the main effect of this inventton may not be sufficiently 
exhibited. On the other hand, when the amount exceeds 20 parts by weight, the ability of the resist composition (B) to 
absorb the radiation becomes too large, and hence, the amount of the radiatbn reaching the vicinity of the substrate 
is reduced, and as a result, the resolution or the like tends to be deteriorated. 

In the resist composition (C), per 1 00 parts by weight of the alkali-soluble resin, the amount of the acid-generator 

^ contained is preferably 0.05 to 20 parts by weight more preferably 0. 1 to 15 parts t>y weight and most preferably 0.5 
to 10 parts by weight; the anx^unt of the cross-linking agent contained is preferably 3 to 85 parts by weight, more 
preferably 5 to 75 parts by weight and most preferably 10 to 65 parts by weight; and the anthracene derivative of the 
formula (1) is preferably 0.05 to 20 parts by weight, more preferably 0.1 to 10 parts by weight and most preferably 0.2 
to 5 parts by weight. 

3S In the resist compositbn (C), when the anrxxjnt of the acni-generator contained is less than 0.05 part by weight, 

there is a fear that it nnay become difficult to effectively cause the chemnal change by the catalytic action of the acki 
generated upon the exposure. On the other hand, when the amount of the acd-generator contained exceeds 20 parts 
by weight, there is a fear that unevenness of coating may be caused in applying the resist composition (C) and scum 
or the like may be generated at the time of devetopment. Also, when the anrx>unt of the cross-linking agent contained 

40 Is less than 3 parts by weight, in general, the cross-linking tends to become insufficient, and there is a fear that the 
yiekJ of residual film thk:kness may be lowered, curved resist pattern may be formed and the devebpability may be 
deterk>rated. Furthermore, when the anrK>unt of the anthracene derivative of the formula (1 ) contained is less than 0.05 
part by weight, it is impossible for the anthracene derivative to sufficiently absorb the radiation reflected at the surface 
of the substrate and there is a fear that it may become difficult for the anthracene derivative to exhibit sufficiently the 

^ halatkxi-preventing effect whk;h is the main effect of this inventkxi. On the other hand, when the amount of the anthra- 
cene derivative contained exceeds 20 parts by weight, the ability of the resist compositbn (C) to absorb the radlatkxi 
becomes too large, so that the amount of the radiatkxi reaching the vicinity of the substrate becomes small. As a result, 
the resolutk)n or the like tends to be deteriorated. 

Here, preferable proportk^ns of the main components in each of the resist composition (A), the resist compositbn 

so (B) and the resist compositton (C) are illustrated below. 

The resist composition (A) is preferably composed of 100 parts by weight of the acid-decomposable group-con- 
taining resin, 0.05 to 20 parts by weight of the acid-generator and 0.05 to 20 parts by weight of the anthracene derivative 
of the formula (1). 

The resist composition (A) is more preferably composed of 100 parts by weight of the acki-decomposable group- 
ss containing resin. 0.1 to 15 parts by weight of the acid-generator and 0.1 to 10 parts by weight of the anthracene 
derivative of the formula (1 ). 

The resist compositkxi (A) is most preferably composed of 100 parts by weight of the acid-decomposable group- 
containing resin. 0.5 to 1 0 parts by weight of the acki-generator and 0.2 to 5 parts by weight of the anthracene derivative 
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of the formula (1). 

The resist composition (B) is pr ferabty composed of 100 parts by weight of th alkaii-soluble resin, 0.05 to 20 
parts by weight of the acid-generator, 5 to 150 parts by weight of the dissolution-controlling agent and 0.05 to 20 parts 
by weight of the anthracene derivative of th formula (1); more preferably composed of 100 parts by weight of the 
alkali-soluble resin, 0. 1 to 1 5 parts by weight of the acid-gen rator, 5 to 1 00 parts by w ight of the dissolution-controlling 
agent and 0.1 to 10 parts by weight of the anthracene derivative of the formula (1); and most preferably composed of 
100 parts by weight of the alkali-soluble resin, 0.5 to 10 parts by weight of the acid-generator, 5 to 50 parts by weight 
of the dissolutkxi-controlling agent and 0.2 to 5 parts by weight of the anthracene derivative of the fomnula (1 ). 

The resist compositk>n (C) is preferably composed of 100 parts by weight of the alkali^luble resin, 0.05 to 20 
parts by weight of the acid-generator, 3 to 85 parts of the cross-linking agent and 0.05 to 20 parts by weight of the 
anthracene derivative of the fomrtula (1); more preferably composed of 100 parts by weight of the alkali-soluble resin, 
0.1 to 15 parts by weight of the acid-generator, 5 to 75 parts by weight of the cross-linking agent and 0.1 to 10 parts 
by weight of the anthracene derivative of the formula (1 ); and most preferably composed of 1 00 parts by weight of the 
alkali-soluble resin. 0.5 to 1 0 parts by weight of the acki-generator, 1 0 to 65 parts by weight of the cross-linking agent 
and 0.2 to 5 parts by weight of the anthracene derivative of the formula (1). 

Preparatton of solutkxi 

The chemically amplified, radiatkxi-sensitive resin compositbn of this invention is, when used, dissolved in a sol- 
vent so that the soIkI concentration becomes, for example, 5 to 50% by weight, preferably 15 to 40% by weight and 
then filtered through a filter having a pore diameter of about 0.2 ^m to prepare a resist solution. 

The solvent used in the preparatkxi of the resist solutkxi includes, for example, ethylene glycol monoalkyi ethers 
such as ethylene glycol nrxxiomethyl ether, ethylene glycol monoethyl ether, ethylene glycol nrwnopropy I ether, ethylene 
glycol monobutyl ether and the like; ethylene glycol nrnxioalkyl ether acetates such as ethylene glycol monomethyl 
ether acetate, ethylene glycol monoethyl ether acetate, ethylene glycol monopropyl ether acetate, ethylene glycol 
monobutyl ether acetate and the like; diethylene glycol dialkyi ethers such as diethylene glycol dimethyl ether, dieth- 
ylene glycol diethyl ether, diethylene glycol dipropyl ether, diethylene glycol dibutyl ether and the like; propylene glycol 
monoalkyi ethers such as propylene glycol monomethyl ether, propylene glycol monoethyl ether, propylene glycol 
monopropyl ether, propylene glycol nrxxiobutyl ether and the like; propylene glycol dialkyi ethers such as propylene 
glycol dimethyl ether, propylene glycol diethyl ether, propylene glycol dipropyl ether, propylene glycol dibutyl ether and 
the like; propylene glycol monoalkyi ether acetates such as propylene glycol nrxxKxnethyl ether acetate, propylene 
glycol monoethyl ether acetate, propylene glycol monopropyl ether acetate, propylene glycol nxxiobutyl ether acetate 
and the like; lactic acid esters such as methyl lactate, ethyl lactate, n-propyl lactate, isopropyl l^tate, n-butyl lactate, 
isobutyl lactate and the like; aliphatc carboxylic acid esters such as methyl formate, ethyl formate, n-propyl formate, 
isopropyl formate, n-butyl formate, isobutyl formate, n-amyl formate, isoamyl formate, methyl acetate, ethyl acetate, 
n-propyl acetate, isopropyl acetate, n-butyl acetate, isobutyl acetate, n-amyl acetate, isoamyl acetate, n-hexyl acetate, 
methyl propionate, ethyl propwnate, n-propyl propionate, isopropyl propionate, n-butyl propionate, isobutyl propkxiate, 
methyl butyrate, ethyl butyrate, n-propyl butyrate, isopropyl butyrate, n-butyl butyrate. isobutyl butyrate and the like; 
other esters such as ethyl hydroxyacetate. ethyl 2-hydroxy-2-methylpropkxiate. methyl 2-hydroxy-3-methylbutyrate, 
ethyl methoxyacetate, ethyl ethoxyacetate, methyl 3-methoxypropk)nate, ethyl 3-methoxypropk>nate, methyl 3-ethox- 
ypropionate, ethyl S-ethoxypropkxiate. methyl 3-methoxy-2-methylpropk5nate (methyl 'S-methoxybutyrate), 3-meth- 
oxybutyl acetate, 3-methyl-3-methoxybutyl acetate, 3-methyf-3-methoxybutyl propionate, 3-methyl-3-methoxybuty I bu- 
tyrate. methyl acetoacetate, ethyl acetoacetate, methyl pyruvate, ethyl pyruvate and the like; aromatic hydrocartxxis 
such as toluene, xylene and the like; ketones such as methyl ethyl ketone, 2-heptanone, 3-heptanone, 4-heptanone, 
cyclohexanone and the like; amkles such as N-methylformamkle, N,N-dimethylfonmamkie, N-methylacetamide, N,N- 
dimethylacetamkle, N-methylpyrrolidone and the like; lactones such asT^butyrolactone and the like; etc. 

These solvents can be used alone or in admixture of two or more. 

The arTX)unt of the solvent used in the resist solution In this invention is preferably 20 to 3,000 parts by weight, 
more preferably 50 to 3,000 parts by weight and most preferably 100 to 2,000 parts by weight, per 100 parts by weight 
of the total soiki content of the acki-decomposable group-containing resin, the alkali-soluble resin, the add-generator, 
the dissolutkxi-controlling agent, the cross-linking agent, the additives and the like. 

Formation of resist pattem 

In the fonrnation of a resist pattem from the chemk:alty amplified, radiatkxi-sensitive resin composition of this in- 
vention, a resist solution as prepared in th abov -mentioned manner is applied onto a substrate, for example, a sificon 
wafer, an aluminum-coated wafer or the like by a suitable coating method such as a spin-coating method, afk>w-coating 
method, a roll-coating method or the lik and then, if necessary, heat-treated (referred to hereinafter as pr -baked). 
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thereby forming a resist film, and thereafter, the resist film is exposed to a radiatbn so as to form the desired pattern. 
As the radiation us d In th exposur , an ultraviolet ray such as I Itn or th lik ; a far ultraviolet ray such as excimer 
laser or the like; an X ray such as synchrotron radiation or the like; a charged particle beam such as electron beam or 
the like; or th like is suitably selected d p ndinguponth kind of the acid-gen rator. Also, exposure conditions such 

5 astheamountof radiation applied and the lik ar appropriately varied d pending upon theformulatk)n of the chemically 
amplified, radiation-sensitive resin composition, the kind of each additive and the like. 

In the formation of a resist pattern using the chemically amplified, radiation-sensitive resin composition of this 
Invention, a protective film can be f omned on the resist film in order to prevent the Influence of bask: impurities and the 
like contained in the ambient atmosphere. 

10 In this inventk>n, in order to enhance the apparent sensitivity of the resist film, it is preferable to conduct heat- 

treatment after the exposure (referred to hereinafter as the after-exposure baking). The heating conditbns for the after- 
exposure baking are varied depending upon the formulatbn of the chemically amplified, radiation-sensitive resin com- 
positkxi, the kind of each additive and the like; however, the heating tenrrperature Is preferably 30 to 200*0, wore 
preferably 50 to 150**C. 

IS Thereafter, the baked film is developed with an alkali developer to form the desired resist pattern. 

As the above-mentioned alkali-devebper, there is used an aqueous alkaline solution prepared by dissolving in 
water an alkali compound, for example, sodium hydroxide, potassium hydroxide, sodium carbonate, sodium silicate, 
sodium metasllicate, ammonium water, ethylamlne, n-propylamine. diethylamlne, di-n-propylamine, triethylamine, 
methyldiethylamine, dimethylethanolamine, triethanolamine. tetramethylammonium hydroxide, tetraethylammonium 
20 hydroxide, choline, pyrrole, piperidine, 1,8-diazablcyclo[5,4,0]-7-undecene, 1,5-diazabicyck)[4,3,0]-5-nonene or the 
like so that the concentration becomes preferably 1 to 10% by weight, more preferably 2 to 5% by weight. 

To the devek)per consisting of the above-mentioned aqueous alkaline solutk)n can be added a watersoluble organic 
solvent such as methanol, ethanol or the like and a surfactant in appropriate amounts. 

Inckientally, when a developer consisting of the above aqueous alkaline solutkxi is used, usually, the devek>ped 
2S film is washed with water after the devek)pment. 

A method for forming a resist pattern using the chemfcally amplified, radiation-sensitive resin composition of this 
inventkxi is described above In detail; however, in this lnventk>n, various modifications thereof can be made based on 
the above-mentk>ned technk:al ktea and within its technical range. 

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Examples and Comparative Examples are shown below to explain this invention in more detail. However, these 
Examples are merely by way of lllustratkxi and not by way of limitation. 

The measurement of Mw and evaluation of resist were conducted by the folk>wlng procedures. 

35 

Mw 

Using a GPC column manufactured by TOSOH CORPORATION (consisting of two G2000Hxl columns, one 
GSOOOHxi^ column and one G4000Hxl column), Mw was measured by a get pemneation chromatography using a 
40 rTKXiodispers styrene as a standard under such analytical conditions that the fk>w rate was 1 .0 mtAnin, the eluent was 
tetrahydrof uran, the column temperature was 40"C. 

Sensitrvity 

4S The exposure necessary for forming a 0.4-^m line and space pattern (IL/IS) at a 1 :1 tine width was used as the 

optimum exposure and the sensitivity (unit: mJ/cm^) was evaluated at the optimum exposure. 

Resolutton 

so The minimum dimension (unit: \m\) of a resist pattem obtained at the optimum exposure was indicated as the 
resolution. 

Devetopability 

ss The case where undevek^ped portk)ns, scum and the like were not found after the alkali-devek}pment was deter- 

m ined as 'good' devetopability and the case where at least on of these requirements was not satisfied was determined 
as "bad" developability. 
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Halation-preventing effect 

The case where when an aluminum substrate having a step structure as shown in Fig. 1 was used and the resist 
patt m obtained was obsen^ed from the upp r position through a scanning type I ctron microscope, thinning (notch- 
s ing), thickening and the lik of pattern w r rK3it found was determined as 'good' In halatkxi-prev nting effect, and th 
case where thinning (notching), thbkening and the like of pattern were found was determined as 'bad' in halatkxi- 
preventing effect 

Pattem shape 

10 

The upper side dimension La and the lower side dimension Lb of a IL/IS-square cross-section of 0.4 ^m in line 
width formed on a silicon wafer were measured using a scanning type electron mk:roscope, and the case where 

0.85^ La/Lb ^1.0 

IS was satisfied, the skJe wall roughness of pattem was a little, the notching of pattem In the vicinity of the substrate, the 
overhang at the top of pattern and the thinning of the pattem head were not obsen/ed was determined as "good' in 
pattem shape and the case where at least one of these requirements was not satisfied was determined as 'bad* in 
pattem shape. 

20 Production of acM-decomposable group-containing resin 
Synthesis Example 1 

In 131 g of propylene glycol monomethyl ether were dissolved 67 g (0.5 mole) of p-isopropenylphenol and 64 g 
25 (0.5 mole) of t-butyl acrylate, and 8 g of azobisisobutyronrtrile was added thereto, after which they were kept at a 
reactbn temperature of 60*C ur»der a nitrogen atmosphere and subjected to polymerization for 10 hours. After the 
polymerization, the reaction mixture was dropped into a 5 liter of hexane to coagulate a resin, and the resin was 
recovered, then separated and washed with five 1 -liter portkxis of hexane. Thereafter, the copolymer was re-dissolved 
in acetone and then the resulting solutk>n was dropped into a large amount of water to coagulate the copolymer, thereby 
30 obtaining a white resin (yield: 56%). 

This resin had a Mw of 12,400, and as a result of analysis by 1^-NMR, the copolymerization ratio (mole ratk>) of 
p-isopropenylphenol and t-butyl acrylate was 50:50. This resin is referred to hereinafter as Resin (A). 

Synthesis Example 2 

3S 

To a solutbn of 12 g of poty(p-vinylphenot) and 5 g of triethylamine in 50 g of dk>xane was added 11 g of di-t-butyl 
carbonate with stirring, and they were stirred at room temperature for a further six hours, after which oxalic acid was 
added thereto to neutralize triethylamine. Subsequently, the reaction mixture was dropped into a large amount of water 
to coagulate a resin and the resin was recovered and washed several times with pure water to obtain a white resin 
40 (yieki: 85%). 

The resin obtained had a Mw of 9,200, and as a result of analysis by ^^-NMR, the resin had such a structure that 
85% of the hydrogen atoms of the phenolic hydroxyl groups in the poly(p-vinylphenol) had been replaced by t-butox- 
ycart)onyl groups. This resin is referred to hereinafter as Resin (B). 

45 Synthesis Example 3 

In 80 g of propylene glycol monomethyl ether were dissolved 78 g (0.5 mole) of tetrahydropyranyl acrylate and 42 
g (0.5 mole) of methyl methacrylate, and 3 g of azobisisobutyronitrile was added thereto, after which they were subjected 
to polymerization for 10 hours under a nitrogen atmosphere while the reaction temperature was kept at SO'C. After 
so the polymerizatbn, the reaction mixture was dropped Into a large amount of water to coagulate a resin. The resin was 
recovered and dried in a vacuum drier kept at 50"C overnight to obtain 96 g of a white fine powder of tetrahydropyranyl 
acrylate/methyl methacrylate copolymer resin. 

The resin obtained had a Mw of 25,400 and as a result of ^^-NMR measurement, the copolymerization ratio (mole 
ratk>) of tetrahydropyranyl acrylate to methyl methacrylate was 50:50. This resin is referred to hereinafter as Resin (C). 

55 

Synthesis Example 4 

120 g of a vinylphenol mixture consisting of 20% by weight of p-vlnylphenol, 65% by weight of p-ethylphend and 
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15% by weight of other components (10% by weight of water, 4% by weight of p-cresol and 1% by weight of ph nol) 
was mix d with 17 g of t-butyl acrylat and 50 g of propylene glycol monomethyl ther to prepare a uniform solution. 
Subsequently, the solution was bubbled by a nitrogen gas for 30 minutes, and then, 1 .9 g (2 mole % of the total monomer 
amount) of 2,2'-azobis(4-m thoxy-2.4-dimethylval6ronitrile was added as a radical Initiator to th solution, after which 

5 the resulting mixture was subject d to polyrrterization for 7 hours while the reactbn t mperature was kept at 40°C with 
continuing bubbling. After the polymerization, the reaction mixture was dropped into a large amount of hexane to 
coagulate a resin, and the resin was recovered and dissolved in acetone, after which the above procedure for coagu- 
lating the resin in hexane was repeated to completely remove the unreacted monomers. The resin was dried at 50^C 
under reduced pressure to obtain a white resin (yield: 55%). 

10 This resin had a Mw of 31 ,000 and as a result of analysis by ^^-NMR, the copolymerization ratio (mole ratio) of 

p-vinylphenol and t-i>utyl acrylate was 60:40. This resin is referred to hereinafter as Resin (D). 

Synthesis Example 5 

IS In 100 ml of dioxane was dissolved 24 g of poly(p-hydroxystyrene) (Mw: 12,000), and then the resulting solution 

was bubbled by nitrogen for 30 minutes. To this solution were added 8 g of ethyl vinyl ether and 1 g of pyridium p- 
totuenesulfonate as a catalyst and they were subjected to reaction for 12 hours. The reaction mixture obtained was 
dropped into 1% by weight aqueous ammonia solution to precipitate a resin. This resin was dried in a vacuum drier 
kept at 50*^0 ovemight. 

20 The resin obtained had a Mw of 12,000 and a Mw/Mn ratk> of 1 .6, and as a result of a ^^-NMR measurement, 

the resin had such a structure that 45% of the hydrogen atoms of the phenolk: hydroxyl groups had been replaced by 
1-ethoxyethyl groups. This resin is referred to hereinafter as Resin (E). 

Production of alkali-soluble resin 

25 

Synthesis Example 6 

In 80 g of propylene glycol monomethyl ether was dissolved 88 g of p^-butoxystyrene, and then, 2 g of azobl- 
sisobutyronitrile was added to the solution, after whk:h they were subjected to polymerizatkxi for 10 hours under a 
30 nitrogen atmosphere while the reactk>n temperature was kept at BO'C. After the polymerizatk>n, an aqueous sulfurk: 
acid solutkxi was added to the reaction mixture and the resulting mixture was subjected to hydrolysis at 80^C for 8 
hours. Subsequently, ethyl acetate was added to the reaction mixture and the resulting mixture was washed with water, 
after which the solvent was replaced by acetone. The resulting resin solution was dropped into a large amount of water 
to coagulate a resin. The resin was recovered and dried in a vacuum drier kept at 50^C ovemight to obtain 48 g of a 
3S white fine powder of poly(p-hydroxystyrene). 

The resin obtained had a Mw of 10,000. This resin is referred to hereinafter as Resin (F). 

Svnthesis of dissolution-oontrollinQ agent 

4a Synthesis Example 7 

In tetrahydroturan was dissolved 15 g of bisphenol A, and thereafter, di-t-butyl dk^rtxxiate and triethylamine were 
added, respectively, In amounts two times and 0.3 time the total number of moles of the phenolic hydroxyl groups in 
the bisphenol A, after which they were subjected to reaction under reflux for 6 hours. Subsequently, the reactkyi mixture 
45 was dropped into water and the precipitate formed was recovered and dried in a vacuum drier kept at 50^C ovemight, 
to obtain a product of the above-mentioned formula (4) which is referred to hereinafter as Dissolution-Controlling Agent 
(a). 

Synthesis Example 8 

so 

The same procedure as in Synthesis Example 6 was repeated, except that 18.6 g of a compound of the formula 
(5) in whbh all the t-butoxycarbonyl groups had been replaced by hydrogen atoms was substituted for the bisphenol 
A, to obtain a product of the formula (5), whksh is referred to hereinafter as Dissolution-Controlling Agent (b). 

55 Examples 1 to 19 and Comparative Examples 1 to 4 

The components shown in Table 1 (parts are by weight) were mixed and then subjected to micro filtratbn through 
a filter having a pore diameter of 0.2 ^m to remov foreign matter, th reby preparing a resist solutkxi. 
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This resist solution was spin-coated on a silicon wafer, pre-baked under the conditions shown in Table 2 to form 
a resist film having a thickness of 1 ^m. This film was exposed to a radiation as shown in Table 2 through a patt m 
mask and then subjected to the after-baking exposure under the conditions shown in Table 2. Subsequently, the baked 
film was subjected to alkall-devek)pm nt using 2.38% by weight aqueous tetramethylammonium hydroxide solution at 
5 23'*C for 60 seconds and then washed with wat r to former sist pattern. Th resists obtained were evaluated to obtain 
the results shown in Table 3. 
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In Table 1 , other ccnrnponents than Resins (A) to (F) and Dissolution-Controlling Agents (a) and (b) were as follows: 
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Anthracene derivative 

(i): Anthracene-9-methanol 
(li): Anthracene-9-carboxy thyl 
(iii): Anthracene-9-carboxy-n-butyl 

Acid-generator 

(a): N-(Trifluoromethylsulfonybxy)-bicyck>[2.2.l]-hept-5-ene-2,3-dicarboxyimide 
(P): N-(Canriphanylsutfonyloxy)naphthylimide 
(Y): Triphenylsulfonium triflate 

(5): 2-(4-M6thoxy-1 -naphthyl)-4.6-bis(trichloromethyl)-1 .3.54riazine 
(€): Bis(cyclohexylsulfonyl)diazomethane 

Cross- 1 in king agent 

(c) : l-iexa(methoxymethyl)meiamine 

(d) : Tetra(methoxymethyl)urea 

(e) : Tetra(methoxymethyt)glycoluril 

Acid-drffusion-ccxitrollinQ agent 

(I) : Trip ropy lamine 

(II) : Trhn-butylamine 

(III) : Diaminodiphenylmethane 



Solvent 



BA: 



n-Butyl acetate 



EEP: 



Ethyl 3-ethoxypropionate 



EL 



Ethyl lactate 



MMP: 



Methyl 3-methoxypropionate 



PGMEA: Propylene glycol monomethyl ether acetate 
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Claims 

ss 1. A chemically amplified, radiation-sensitive resin composition comprising a radiation-sensitive acid-generator which 
generates an acid upon in-adiation with a radiation, In which composition a chemical reaction is caused by the 
catalytic action of an acid generated upon irradiation with a radiation, to change the solubility of the irradiated 
portion In a developer, thereby forming a pattem, characterized by comprising at least on anthracen derivativ 
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represented by the following formula (1): 



5 



10 




wherein to are the same as or different from one another and each represents a hydrogen atom, a halogen 
atom, an alkyi group, an alkoxy group, an aryl group or a nitro group; and are the same as or difTerent from 
IS each other and each represents a hydrogen atom, a halogen atom, an alky! group, an alkoxy group, an aryl group, 

a nitro group, a -(CH2)n-0-R3 group in which R^ is a hydrogen atom, an alkyI group or an aryl group and n is an 
integer of 0 to 3 or a -(CHgjp-COO-R* group in whch is a hydrogen atom, an alkyI group or an aryl group and 
n is an integer of 0 to 3. 

20 2. The composition according to Claim 1 , wherein the anthracene derivative is at least one compound represented 
by the fomnula (1) wherein R^ is a -(CIH2)n-OH group in whch n is an integer of 0 to 3. 

3. The composition according to Claim 1 , wherein the anthracene derivative is at least one compound represented 
by the formula (1) wherein R^ Is a -(CH2)n-COOR* group in whch n is an integer of 0 to 3 and R* is a hydrogen 

2S atom, an alkyI group or an aryl group. 

4. The composition according to Claim 1 , wherein the anthracene derivative is at least one compound represented 
by the formula (1) wherein to all are hydrogen atoms. 

30 5. The compositbn according to Claim 1 , wherein the anthracene derivative Is at least one compound selected from 
the group consisting of anthracene-9-methanol. anthracene-9-cartx>xyethyl and anthracene-9-carboxy-n-butyl. 

6. A positive type chemically amplified, radiatnn-sensitive resin compositk)n whk:h comprises: 

35 (a) an ackJ-decomposable group-containing resin which is an alkali-insoluble or -sparingly soluble resin pro- 

tected with an acid-decomposable group but becomes an alkali-soluble resin when the acid-decomposable 
group is decomposed in the presence of an acid, 

(b) an acid-generator, and 

(c) an anthracene derivative represented by the formula (1 ) as defined in Claim 1 . 

40 

7. The resin composition according to Claim 6, wherein the acki-decomposable group-containing resin (a) is an alkali- 
insoluble or -sparingly soluble resin whose ^Idk: functional group has been replaced by the ackJ-decomposable 
group which is at least one group selected from the group consisting of substituted methyl groups, 1 -substituted 
ethyl groups, 1 -branched alkyI groups, silyl groups, germyl groups, atkoxycarbonyl groups, acyl groups and cyclk: 

4S acid-decomposable groups. 

8. The resin composition according to Claim 6, wherein the polystyrene-reduced weight average molecular weight 
(Mw) of the acid-decomposable group-containing resin is 1,000 to 150,000 as measured by a gel permeation 
chromatography. 

so 

9. The resin composition according to Claim 6, wherein per 100 parts by weight of the acid-decomposable group- 
containing resin (a), the amount of the acid-generator (b) is 0.05 to 20 parts by weight and the amount of the 
anthracene derivative (c) is 0.05 to 20 parts by weight. 

ss 10. A positive type chemically amplified, radiatk>n-sensltive resin compositkxi whk:h comprises: 

(d) an alkali-soluble resin, 
(b) an acid-generator, 
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(e) a dissolution-controlling agent consisting of a compound which has the properties of controlling the alkali- 
solubility of the alkali-soluble resin, said properties being reduced or lost when the compound is decomposed 
in the presence of an ackJ, or which has the actkxi of increasing the alkali-solubiltty of the alkali-soluble resin, 
and 

s (c) an anthracene derivativ repr s nted by the formula (1) as d fined in Claim 1 . 

11. The resin compositkxi according to Claim 10. wherein the alkali-soluble resin is a resin having at least one acidb 
functional group selected from the group consisting of phenolic hydroxy! group and carboxyt group and being 
soluble in an alkali developer. 

10 

12. The resin compositk>n according to Claim 10, wherein the alkali-soluble resin is a vinylic resin having a repeating 
unit resulting from cleavage of the polymerizable double bond of at least one polymerizable monomer having an 
acidic functional group or a condensation type resin having a condensation type repeating unit and having an 
acidk^ functional group. 

IS 

13. The resin compositkxi according to Claim 12, wherein the vinylic resin is a polymer of at least ane monomer 
selected from the group consisting of hydroxystyrene, hydroxy-a-methylstyrene, vinyibenzoic acid, cartx)xymeth- 
ylstyrene, carboxymethoxystyrene, (meth)acrylic acki, crotonic acki, maiek: ackl, fumark: acid, ilaconk: ackJ, cit- 
raconic acid, mesaconk: acki and cinnamb acid. 

20 

14. The resin compositkxi according to Claim 12, wherein the condensatkxi type resin Is a novolak resin. 

15. The resin compositkxi according to Claim 10, wherein the alkali-soluble resin has a polystyrene-reduced weight 
average molecular weight (Mw) of 1,000 to 150,000 as measured by a gel permeatkxi chromatography. 

25 

16. The resin composition according to Claim 10, wherein per 100 parts by weight of the alkali-soluble resin (a), the 
amount of the ackj-generator (b) is 0.5 to 20 parts by weight, the amount of the dissolution-controlling agent (e) 
is 5 to 150 parts by weight and the amount of the anthracene derivative (c) is 0.05 to 20 parts by weight. 

30 17. A negative type chemnally amplified, radiation-sensitive resin composition which comprises: 

(d) an alkali-soluble resin, 
(b) an acid-generator, 

(f) a cross-linking agent which cross-links the alkali^luble resin (d) in the presence of an acki, and 
35 (c) an anthracene derivative as defined in Claim 1 . 

18. The resin composition according to Claim 17. wherein the alkali-soluble resin is a resin whk:h has at least one 
acidk: functional group selected from the group consisting of hydroxyl group and carboxyl group and is soluble in 
an alkali developer. 

40 

19. The resin compositkxi according to Claim 18, wherein the alkali-soluble resin is a vinylic resin having a repeating 
unit resulting from cleavage of the polymerizable double bond of at least one polymerizable monomer having an 
acidk: functional group or a condensatkxi type resin having a condensation type repeating unit and an acidic 
functional group. 

45 

20. The resin compositkxi according to Claim 19. wherein the vinylic resin is a polymer of at least one monomer 
selected from the group consisting of hydroxystyrene, hydroxy-a-methylstyrene, vinyibenzoic ackl, cartxixylmeth- 
ylstyrene, cartxxxymethoxystyrene, (meth)acrylic acki, crotonic acki, maIek: acki, f umark; acid, itaoonk: acki, cit- 
raconic acid, mesaconk; acki and cinnamk: acid. 

50 

21. The resin compositkxi according to Claim 19, wherein the condensatkxi type resin Is a novolak resin. 

22. The resin compositbn according to Claim 17, wherein the alkali-soluble resin has a polystyrene-reduced weight 
average molecular weight (Mw) of 1,000 to 150,000 as measured by a gel permeatkxi chromatography 

55 

23. The resin compositkxi according to Claim 1 7, wherein the cross-linking agent is a compound which cross-links the 
alkali-soluble resin in the presence of an ackj generated upon irradiation with a radiatkxi. 
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24. The resin composition according to Clainn 17, wtierein per 100 parts by weight of the alkali-solubl resin (d), the 
annount of the acid-generator (b) is 0.05 to 20 parts by weight, th amount of the cross-linking agent (f) Is 3 to 85 
parts by weight and the amount of the anthracene derivative (c) is 0.05 to 20 parts by weight. 

s 25. The composition according to Claim 1 , which further comprises an additive selected from the group consisting of 
an acid-diffusion-controlling agent, a surfactant and a sensitizing agent. 
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